On October 9, 2015, the U.S. Food and Drug Administration expanded the nivolumab metastatic non-small cell lung cancer (NSCLC) indication to include patients with nonsquamous NSCLC after a 3.25-month review timeline. Approval was based on demonstration of an improvement in overall survival (OS) in an international, multicenter, open-label, randomized trial comparing nivolumab to docetaxel in patients with metastatic nonsquamous NSCLC with progression on or after platinumbased chemotherapy. The CheckMate 057 trial enrolled 582 patients who were randomized (1:1) to receive nivolumab or docetaxel. Nivolumab demonstrated improved OS compared with docetaxel at the prespecified interim analysis with a hazard ratio (HR) of 0.73 (p 5 .0015), and a median OS of 12.2 months (95% CI: 9.7-15.0 months) in patients treated with nivolumab compared with 9.4 months (95% CI: 8.0-10.7 months) in patients treated with docetaxel. A statistically significant improvement in objective response rate (ORR) was also observed, with an ORR of 19% (95% CI: 15%-24%) in the nivolumab arm and 12% (95% CI: 9%-17%) in the docetaxel arm. The median duration of response was 17 months in the nivolumab arm and 6 months in the docetaxel arm. Progression-free survival was not statistically different between arms. A prespecified retrospective subgroup analysis suggested that patients with programmed cell death ligand 1-negative tumors treated with nivolumab had similar OS to those treated with docetaxel. The toxicity profile of nivolumab was consistent with the known immune-mediated adverse event profile except for 1 case of grade 5 limbic encephalitis, which led to a postmarketing requirement study to better characterize immune-mediated encephalitis. The Oncologist 2016; 21:634-642 Implications for Practice: Based on the results from the CheckMate 057 clinical trial, nivolumab represents a new treatment option for patients requiring second-line treatment for metastatic non-small cell lung cancer. The role of nivolumab in patients with sensitizing epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) alterations is less clear. Until dedicated studies are performed to better characterize the role and sequence of programmed cell death 1 (PD-1) therapy, patients with EGFR or ALK alterations should have progressed on appropriate targeted therapy before initiating PD-1 inhibitor therapy. Some patients whose tumors lack programmed cell death ligand 1 (PD-L1) expression also appear to have durable responses. The U.S. Food and Drug Administration granted approval to Dako's PD-L1 test, PD-L1 IHC 28-8 pharmDx, which the applicant claimed as a nonessential complementary diagnostic for nivolumab use.
INTRODUCTION
Lung cancer is the second most common cancer after prostate cancer in men and breast cancer in women. Estimates for lung cancer in the U.S. for 2015 were 221,200 new cases, with 158,040 deaths, and accounting for 27% of all cancer deaths [1] . There are a number of risk factors in the development of lung cancer that have been identified; the leading cause is exposure to cigarette smoke [2] . Lung cancer is broadly divided into two categories: non-small cell lung cancer (NSCLC; The Oncologist 2016;21:634-642 www.TheOncologist.com ©AlphaMed Press 2016 CME about 85% of cases) and small cell lung cancer. NSCLC consists of two major histologic subtypes: adenocarcinoma and squamous cell carcinoma.
Cytotoxic, platinum doublet-based chemotherapy has been the standard first-line treatment for unselected patients with metastatic NSCLC, with median survivals of 8 to 12 months [3] . In the second-line treatment setting for advanced nonsquamous cell NSCLC (non-SQ NSCLC), docetaxel with or without ramucirumab, pemetrexed (non-SQ only), and erlotinib are U.S. Food and Drug Administration (FDA)-approved regimens [4] [5] [6] [7] . However, response rates are low and effects on survival are modest. With the advent of targeted therapeutic approaches, a number of novel agents, such as monoclonal antibodies, antibody directed conjugates, and small molecule kinase inhibitors, have been developed to target specific molecular aberrations [8] .
Newer therapeutic modalities have focused on targeting the immune system [9] . Pathways involved in inhibiting antitumor T-cell responses (activation of the inhibitory coreceptors cytotoxic T-lymphocyte-associated protein 4 and programmed cell death 1 [PD-1] on T cells) are thought to allow tumors to evade the immune system. PD-1 inhibitors, a new class of immune checkpoint inhibitors, are thought to block T-cell inhibitory signal pathways by preventing engagement of PD-1 to its ligands (PD-L1/2). Nivolumab was approved in March 2015 for the treatment of metastatic squamous NSCLC after prior platinum-based chemotherapy, based on the results of the CheckMate 017 (CM017) clinical trial and became the first approved immunotherapy in the treatment of squamous cell lung cancer [10] .
CheckMate 017 was a randomized (1:1), open-label study enrolling 272 patients with metastatic squamous NSCLC who had experienced disease progression during or after 1 prior platinum doublet-based chemotherapy regimen regardless of PD-L1 status. Patients were randomly assigned to receive nivolumab 3 mg/kg every 2 weeks (n 5 135) or docetaxel (n 5 137) 75 mg/m 2 every 3 weeks intravenously. The median age of patients was 63 years, the baseline Eastern Cooperative Oncology Group performance status was 0 (24%) or 1 (76%), and the majority of patients were white (93%) and male (76%). The application went through an expedited review process, given the survival advantage (hazard ratio: 0.59; 95% confidence interval [CI]: 0.44-0.79; p , .001) observed when compared with docetaxel, the primary efficacy outcome. This initial nivolumab approval is described in more detail by Kazandjian et al. [11] .
Subsequent to this approval, pembrolizumab received accelerated approval for patients with PD-L1-positive metastatic NSCLC following platinum-containing chemotherapy based on an objective response rate (ORR) of 41% in a prospectively defined subgroup that was retrospectively analyzed for $50% PD-L1 expression [12] [13] [14] . Nivolumab received an expanded indication to include all NSCLC after prior platinum-based chemotherapyon October 9, 2015, based on the results ofclinical trial CheckMate 057 (CM057). This paper describes the FDA's review of CM057 in support ofexpanding nivolumab'sindication; further details on the trial are described by Borghaei et al. [15] .
Trial Design
CM057 was a randomized, open-label, and international trial in patients with metastatic, non-SQ NSCLC who were previously treated with platinum-doublet chemotherapy. Patients were randomly assigned (1:1) to receive nivolumab administered intravenously (i.v.) at a dose of 3 mg/kg every 2 weeks or chemotherapy with docetaxel at a dose of 75 mg/m 2 i.v. every 3 weeks. Patients must have received one line of platinumbased doublet chemotherapy and have had locally advanced or metastatic non-SQ NSCLC. Patients were allowed to receive therapy as third-line if they had previously received an epidermal growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK) inhibitor for a known EGFR or ALK genetic alteration. Randomization was stratified by prior maintenance therapy (yes or no) and line of prior therapy (first or second line).
Patients were treated until investigator-determined Response Evaluation Criteria in Solid Tumors version 1.1 progression or unacceptable toxicity. Patients treated with nivolumab were allowed to be treated beyond disease progression if they had investigator-assessed clinical benefit and did not have rapid disease progression. The primary efficacy endpoint for CA057 was OS defined as the time between the date of randomization and the date of death. For patients without documentation of death, OS was censored on the last date that the patient was known to be alive. Secondary efficacy endpoints included ORR, duration of response (DoR), progression-free survival (PFS), and patient-reported lung cancer symptoms. Additionally, PD-L1 expression as a predictive biomarker for OS and ORR was evaluated in prespecified retrospective analyses (percentage of tumor cells demonstrating plasma membrane PD-L1 staining of any intensity in a minimum of 100 evaluable tumor cells using the Dako PD-L1 IHC 28-8 pharmDx assay; Agilent Technologies, Glostrup, Denmark, http://www.dako.com).
The trial was designed with a sample size of 574 patients; from this sample, 442 deaths would have to occur to provide 90% probability of demonstrating that nivolumab is superior to docetaxel, assuming a hazard ratio of 0.82 (median OS: 9.8 vs. 8.0 months). The 1 formal interim analysis of OS was to take place when 380 deaths occurred. The analyses of OS and PFS were conducted using a two-sided log-rank test stratified by prior maintenance therapy and line of therapy. Additionally, prespecified retrospective analyses using Kaplan-Meier survival probability for OS for the PD-L1-positive and -negative/ indeterminate subgroups (1%, 5%, and 10%) were performed. Analysis of ORR, defined as having a confirmed complete response (CR) or partial response (PR), was performed using a Cochran-Mantel-Haenszel (CMH) test stratified by prior maintenance therapy and line of therapy. Median duration of response was calculated using the Kaplan-Meier method and the corresponding 95% CI.
RESULTS
A total of 582 patients (intent-to-treat [ITT] population) were randomly allocated at 106 sites in 22 countries to receive nivolumab (n 5 292) or docetaxel (n 5 290). Five patients in the nivolumab arm and 22 patients in the docetaxel arm did not receive assigned therapy; therefore, the safety population consisted of 287 patients in the nivolumab arm and 268 in the docetaxel arm. 
Efficacy
As shown in Figure 1 and Table 2 , in the ITT population analysis, there was a statistically significant improvement in OS with an HR of 0.73 (95% CI: 0.60-0.89; p 5 .0015), and a median OS of 12.2 months (95% CI: 9.7-15.0) for patients randomized to the nivolumab arm, and 9.4 months (95% CI: 8.0-10.7) for patients randomized to the docetaxel arm. The p value of .0015 based on 413 deaths (190 in nivolumab arm and 223 in docetaxel arm) was compared with the allocated significance level of.0408 for this preplanned interim analysis based on 442 deaths. The median patients' follow-up was 12 months in the nivolumab arm and 9 months in the docetaxel arm.
All analyses for secondary endpoints were considered as the final analyses. In the ITT population, the ORR was 19.2% (95% CI: 15.1%-24.1%) for nivolumab and 12.4% for docetaxel (95% CI: 9.1%-16.7%) ( Table 2 ). There was no statistically significant difference in PFS between arms (HR: 0.92; 95% CI: 0.77-1.11; p 5 .31). The median PFS was 2.3 months (95% CI: 2.2-3.3) and 4.2 months (95% CI: 3.4-4.9) in the nivolumab and docetaxel arms, respectively.
PD-L1 expression status based on archival tumor specimens at baseline was assessed in 455 of the 582 patients, using the DAKO 28-8 pharmDx immunohistochemistry (IHC) assay. The prespecified subgroups and their respective OS HR benefit using different cut points are shown in Figure 2A and ORR differences are shown in Figure 2B . A retrospective, prespecified analysis of survival using Kaplan-Meier (KM) survival probability curves based on the PD-L1 cut point subgroups is shown in Figure 3 . The PD-L1-negative subgroups' KM curves appear similar to that of the ITT population, with the crossing of the curves in favor of nivolumab at about the 9-to 12-month point. However, in the PD-L1-positive subgroups, the KM curves appear to cross earlier, at about the 3-to 6-month time point.
In an additional exploratory subgroup analysis, patients with EGFR mutation-positive tumors had an OS HR of 1.18 (95% CI: 0.69-2.00), favoring docetaxel. Approximately one-half of the 71 patients with strictly EGFR-positive tumors and one-third of the 10 patients with strictly ALK-positive tumors (no other determined concomitant driver mutation) received appropriate tyrosine kinase inhibitor therapy before nivolumab.
Toxicity
Of the 582 patients randomized in the CM057 study, 555 (nivolumab: n 5 287; docetaxel: n 5 268) received at least 1 dose of protocol-specified therapy and were included in the safety analysis.The most common adverse events occurring in at least 10% of patients treated with nivolumab and at a higher incidence than docetaxel (by at least 2% for grade 3-4 events or by at least 5% for all-grade events) were as follows: cough (all grades: 30% vs. 25% for nivolumab vs. docetaxel, respectively; grades 3-4: 0.3% vs. 0%), decreased appetite (all grades: 29% vs. 22%, grades 3-4: 1.7% vs. 1.5%), constipation (all grades: 23 vs. 17%; grades 3-4: 0.7% vs. 0.7%), and pruritis (all grades: 11% vs. 1.9%; grades 3-4: 0%). Other frequent, clinically important adverse events that occurred at similar incidences with docetaxel included fatigue (all grades: 49% vs. 58%; grades Immune-mediated adverse events, defined as events requiring the use of systemic steroids, endocrine events, or events for which an alternative etiology was unlikely, are summarized in Table 3 . Immune-mediated adverse reactions were generally managed with administration of high-dose (2-4 mg/kg prednisolone equivalent) corticosteroids followed by a tapered dose and interruption of nivolumab therapy. The pattern of immunemediated adverse events was generally consistent with the known toxicity profile of nivolumab, with the exception of a case of grade 5 immune-mediated limbic encephalitis in a 70-year-old woman following her 14th infusion. Autopsy revealed a dense lymphocytic infiltrate of the bilateral thalami. The FDA has mandated a postmarketing requirement for enhanced pharmacovigilance for immune-mediated encephalitis to better characterize the incidence, severity, outcomes, and associated clinical and laboratory findings.
DISCUSSION
On October 9, 2015, the FDA granted regular approval to nivolumab based on a favorable benefit-risk assessment for the treatment of patients with metastatic NSCLC with progression on or after platinum-based chemotherapy. Patients with EGFR or ALK genomic tumor aberrations should have disease progression on FDA-approved therapy for these aberrations before receiving nivolumab. Table 4 summarizes the FDA benefit-risk analysis.
Study CM057 met its prespecified interim OS analysis of demonstrating superiority of nivolumab over docetaxel in this early on, treatment with docetaxel appears more beneficial until a time point between 3 and 6 months, when there is an inflection of the curve favoring nivolumab.This finding might be due to the heterogeneity of the patient population including PD-L1 expression, EGFR/ALK status, and other undetermined factors. Median PFS may not be an optimal endpoint to define clinical benefit with immunotherapies, and new endpoints will be needed for this emerging field.
The toxicity profile of nivolumab was generally consistent with that seen in earlier studies and compared favorably with that of docetaxel. Pneumonitis was the most common, potentially life-threatening, immune-mediated adverse event. No deaths were attributed to pneumonitis, in contrast with reports of several prior studies of nivolumab in NSCLC [16] [17] [18] , likely reflecting the impact of a learning curve by investigators, including more aggressive management with drug discontinuation and early administration of An ORR difference of 0 suggests no difference between arms and less than 0 favors docetaxel, whereas greater than 0 favors nivolumab.
Abbreviations: CI, confidence interval; HR, hazard ratio; N, numbers of patients greater than or less than the given cutoff used; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; PD-L1, programmed cell death ligand 1.
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The Oncologist ® 638 FDA Approval of Nivolumab for NSCLC corticosteroids. Increases in liver enzyme levels were common and one case of immune-mediated hepatitis was noted. One patient died of immune-mediated limbic encephalitis, which has not been previously associated with nivolumab.
Thus, immune-mediated encephalitis was added to the "Warnings and Precautions" section 5 of the U.S. product insert and a postmarketing requirement study was mandated to better characterize immune-mediated encephalitis. Of note, retrospective subgroup analysis suggested that patients with PDL-1 expression levels of $1% had an OS HR of 0.59, favoring nivolumab over docetaxel, whereas patents with expression levels of , 1% had an OS HR of 0.90. Patients with PD-L1 expression of $5% had an OS HR of 0.43, favoring nivolumab over docetaxel, whereas patients with an expression level of ,5% had an OS HR of 1.01. The KM curves for OS in these retrospective subgroups, shown in Figure 3 , show that the curves split apart earlier in favor of nivolumab in patients with PD-L1-positive tumors, especially at the $5% and $10% cutoff as compared with the ITT or PD-L1-negative populations.
When interpreting these data, it appears clear that regardless of which cut point is used, patients with PD-L1-positive tumors appear to have longer survival when treated with nivolumab compared with docetaxel. Interestingly, the KM survival curves for the PD-L1-positive subgroups do not suggest a delayed treatment effect over docetaxel and appear more similar to the previous squamous NSCLC CM017 trial results.
Despite no apparent superiority in OS between nivolumab and docetaxel in PD-L1-negative patients, the FDA granted the approval to the entire ITT population for the following reasons: (a) the findings were considered exploratory because ascertainment of PD-L1 was not 100% and PD-L1 Table 4 . U.S. Food and Drug Administration benefit-to-risk summary
Parameter Summary
Disease Patients with metastatic nonsquamous NSCLC who have progressed on or after front-line platinum-based doublet chemotherapy have a serious and life-threatening condition with historic median survival rates of 8-10 months with minimal available therapies.
Unmet medical need
Patients with metastatic nonsquamous NSCLC who progressed after first-line therapy have few options and are usually treated with standard cytotoxic chemotherapy. The currently available therapies for patients without an actionable genetic driver aberration include pemetrexed, docetaxel with or without ramucirumab, and erlotinib, which are associated with relatively low response rates (ORR: 5%-22%) with substantial toxicity.
Clinical benefit
In a randomized trial comparing nivolumab to standard-of-care docetaxel, nivolumab was associated with a 2.8-month increase in median survival and a 27% risk reduction in death. Importantly, those who responded to nivolumab treatment had durable responses.
Risk
The most common adverse reactions and laboratory abnormalities in patients receiving nivolumab included fatigue, musculoskeletal pain, cough, decreased appetite, constipation, hyponatremia, increased AST level, increased alkaline phosphatase, increased ALT level, and hyperkalemia. Several common adverse reactions were more common in the docetaxel arm, including leukopenia, fatigue, lymphopenia, anemia, nausea, dyspnea, diarrhea, peripheral neuropathy, edema, hypocalcemia, and pyrexia. The most frequent grade 3 and 4 adverse drug reactions and laboratory abnormalities observed in patients treated with nivolumab included decreased appetite, rash, hyponatremia, increased AST level, increased ALT level, hyper/hypokalemia, and hypomagnesemia. Grade 3-4 adverse events that were more common in the docetaxel arm included leukopenia, lymphopenia, fatigue, anemia, and peripheral neuropathy. Clinically significant immune-mediated adverse reactions with nivolumab included pneumonitis, colitis, nephritis/renal dysfunction, hepatitis, encephalitis, hypothyroidism, and hyperthyroidism. These immune-mediated adverse reactions were managed with supportive measures, including corticosteroids and/or interruption of nivolumab dosing, suggesting that immune-related toxicities can be reasonably managed with dose interruptions and supportive care. However, fatal immune-mediated adverse reactions do occur. Uncertainties
The KM curves suggested that the survival benefit was delayed by about 6 months for the patients who receive nivolumab, suggesting a heterogeneous population of patients who do and do not derive benefit. Further studies are needed to identify better predictive biomarkers and to explore the utility of PD-L1 testing to predict clinical benefit. Retrospective subgroup analysis showed that patients positive for PD-L1 benefit more from nivolumab. The benefit is unclear in patients negative for PD-L1. Furthermore, the appropriate cutoff for PD-L1 expression to be used is unclear. Finally, the benefit in patients who have actionable EGFR and ALK aberrations is unclear.This is especially important because these subtypes of NSCLC have effective targeted therapies available. Additional data are also needed to better characterize rare but serious adverse events such as encephalitis to inform clinical management.
Conclusions
Nivolumab meets the criteria for traditional approval based on a favorable benefit-risk profile for the treatment of patients with metastatic nonsquamous NSCLC who have progressed on or after treatment with a first-line, platinum-based doublet regimen. Nivolumab demonstrated an improvement over currently available therapies with a risk profile acceptable compared with the clinical benefit offered.
Abbreviations: ALK, anaplastic lymphoma kinase; ALT, alanine amino transferase; AST, aspartate amino transferase; EGFR, epidermal growth factor receptor; KM, Kaplan-Meier; NSCLC, non-small cell lung cancer; ORR, objective response rate.
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The Oncologist ® 640 FDA Approval of Nivolumab for NSCLC CME was not a stratification factor at randomization, (b) PD-L1-negative patients were not harmed by nivolumab as compared with the active control and some PD-L1 patients did benefit as evidenced by the roughly 10% ORR with sustained DoR, and (c) nivolumab has a different and more favorable adverse event profile compared with docetaxel. The FDA also granted approval to Dako's PD-L1 test, PD-L1 IHC 28-8 pharmDx, which the applicant termed a "complementary diagnostic" to guide physicians in decision making. Although there is no formal regulatory definition of a complementary diagnostic, it may be distinguished from a companion diagnostic as a test that is not essential but provides information to prescribers in aiding management of treatment expectations and evaluating the potential benefit and risk to the patient. Another important consideration is for patients with tumors that contain targetable driver mutations. There are currently several approved agents targeting EGFR and ALK aberrations, and agents targeting other driver oncogenes in NSCLC are in development. Thus, the sequencing of targeted therapies with immunotherapies will be a critical area of clinical investigation. Based on the data from the CM017 study, PD-L1 status does not appear to be a predictive biomarker for patients with squamous NSCLC [10] , which may be because of the close association of this tumor type with smoking, a carcinogenic pathway that produces high genetic heterogeneity and a high T-cell inflammatory response [19] .
In contrast, many targetable driver aberrations in adenocarcinomas, such as EGFR mutations, are not associated with smoking. These tumors are less likely to have vast DNA heterogeneity and, thus, less neoantigen presentation. In addition to PD-L1 expression, other biomarkers, such as mutational load, may be important in predicting response to PD-1 axis blockade [5] . The mutational landscape may also be a predictive biomarker for CTLA-4 blockade therapy in melanoma, where a specific neoantigen landscape was found to be a predictor of response to CTLA-4 blockade [20] .
In the CM057 study, exploratory subgroup analysis suggested that patients positive for EGFR mutation may derive less benefit with nivolumab. Given this finding, and the fact that efficacious EGFR and ALK inhibitors are available, the FDA and the applicant recommended that a limitation of use be incorporated in the "Indications and Usage" section of product labeling to state that patients with EGFR and ALK aberrations should progress on approved targeted therapy before receiving nivolumab. Future studies should address optimal combination and sequencing strategies of immunotherapies and targeted therapies.
CONCLUSION
Similar to CheckMate 017 in squamous NSCLC, the improved survival in patients with relapsed NSCLC treated with nivolumab compared with docetaxel in CheckMate 057 establishes a new treatment option for patients who have progressed on platinum-doublet chemotherapy. Both CheckMate 017 (in squamous cell NSCLC) and 057 (in nonsquamous cell NSCLC) met their primary endpoints of demonstrating improved overall survival compared with docetaxel. These two key studies and their efficacy outcomes supporting the current nivolumab label for the treatment of patients with metastatic NSCLC are shown in Table 5 . This led to the FDA's expedited 3.25-month review and approval of CM057 supplemental Biologics Licensing Application. Ongoing studies are investigating nivolumab in the adjuvant and front-line metastatic settings. The combination immunotherapy trials that are under way are of high area interest, particularly to patients with PD-L1-"negative" tumors. Precompetitive collaborations across pharmaceutical companies and diagnostic developers are needed to better describe PD-L1 assays across development programs [21] . 
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